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SMART CARD WITH NON- VOLATILE DISPLAY USING TEMPERATURE- SENSITIVE ELECTRONIC INK 



This invention relates to "smart cards", also called Integrated Circuit ("IC") cards, 
5 which are small credit card like devices that may include memory and/or processing power. 
More particularly, this invention relates to smart cards for use in a variety of commercial 
applications that include selective displays of information stored thereon, and may run 
different applications on the same card. 

Smart cards are small credit card sized devices that often include processing power 

10 and memory thereon. These cards are used to store currency amounts for later spending, 
access a variety of services, and keep track of various other items that relate to commercial 
systems in which such cards are used. Such smart cards contain limited display 
possibilities. Typically, for any information to be displayed on the smart card, the card 
must be inserted into a terminal. The terminal then extracts selected information stored on 

15 the card and displays that information to the user. Thus, for example, if the smart card 
represents an amount of e-money owned by a user, the user may ascertain the remaining 
balance by inserting the card into a terminal, whereupon the terminal will display the 
available balance. 

It is also possible to have multiple applications stored on the same smart card. For 
20 example, the smart card may represent a calling card for making telephone calls, and also a 
credit card for making purchases up to a specified amount. 

Often, the user may wish to know which applications are stored on the card, or 
specific amounts of currency that are available from the card. While it is desirable that the 
user be able to read various information stored on the card, it is undesirable that such 
25 information be displayed all of the time, as it could be seen by others, for example, when a 
purse or wallet is opened. Additionally, it is also desirable for the user to be able to see 
which specific applications may be stored on the card at any particular time, or other 
information, while also maintaining this information somewhat confidential, or at least 
preventing its display when the wallet or purse is opened; Further, it is desirable for the 
30 user to be able to view the information stored on the card even when there is no access to a 
terminal with which the card is used. Finally, it is desirable for the user to be able to verify 
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directly on the card that Ihe amount on me card has been increased, or decreased, to 
prevent fraud with tenninals. 

Great Britain Patent No. 2,255,934 discloses a smart card that stores data and can 
run various applications. However, this smart card has a liquid crystal display and 
5 therefore requires an internal power source, making it expensive and subject to failure due 
to draining of the battery. 

United Kingdom Patent No. 2,275,654 also discloses a smart card with an on board 
data processor, however, the smart card requires external energy source located in the card 
accessing apparatus. An energy storage device on the card is charged from the terminal, 

10 and is then used to drive the display electronics when the card is removed from the 
terminal. Again, the high power drain of the display on the smart card means that the 
energy storage device may run out of power, making the data on the card unviewable 
without a teiminal into which the card may be plugged. 

Various other prior art smart cards are known to exist, however, all include one or 

15 more of me limitations discussed above, or other limitations. Examples of such prior art 
smart cards are disclosed in U.S. Patent Nos. 5,276,311, 4,794,336 and 6,068,183. 
Therefore, there exists a need in the art for a smart card that uses relatively little power, is 
readable independent of a terminal device, and which only displays information selectively 
so mat confidentiality is maintained. 

20 The above and other problems of the prior art are overcome in accordance with the 

present invention which relates to a smart card mat utilizes an e-ink display in order to 
display the information desired. The amount to be displayed is "written" on the e-ink by 
applying a voltage across the card at the terminal. Once the display is written, it will 
remain showing without any further power requirements, overcoming the shortfalls of prior 

25 smart cards that require power to drive the LCD display. E-ink cartridges are 

commercially available from a variety of sources. Such e-ink cartridges require power to 
write to or alter, but will remain in the same state once power is removed. Accordingly, 
the inventive smart card may be written to when inserted into a terminal, but will maintain 
the information for display when removed from the terminal. 

30 I* 1 one embodiment, temperature sensitive e-ink is used. Such temperature 

sensitive e-ink is available commercially, and can be obtained in a form and concentration 
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such that it will not become visible until it is heated to approximately the temperature of 
the human body. 

By utilizing such a system, the smart card can be set so that when a user's thumb is pressed 
on the card for the prescribed amount of time, the temperature reaches that of the thumb 
5 and the display then becomes viewable. Accordingly, when the card is in a wallet or 

holder, or removed briefly, confidentiality will be protected, as no data will be visible until 
the card is firmly grasped for a few seconds to reveal the data. 

In another implementation, a transparent display that only becomes readable when a 
light source shines directly through it may be utilized. As with the previous embodiment, 
10 when the card is stored in its holder, the display is not readable but the card becomes 
readable when the user removes it from the holder or wallet and desires to display the 
information. 

Fig. 1 shows a smart card with a narrow display indicating an amount of value 
remaining on the card; 

15 Fig. 2 shows a second embodiment of the smart card showing slightly more detailed 

display; and 

Fig. 3 depicts a functional diagram of a system in which such a smart card might be 

used. 

Fig. 1 shows a first embodiment of the smart card 100 including a display 101 that 
20 includes an indicator 103 for indicating an amount of value left on the card. As shown in 
Fig. 1, the indicator 103 can move between a full or empty position, depending upon the 
remaining value. An area 102 is shown which is heat sensitive and causes the indicator 

103 to appear or disappear, depending upon temperature of the card. Small conductors 

104 are shown in dotted outline. Such conductors may be within the surface of smart card 
25 100 in order to transfer the heat to the temperature sensitive e-ink contained in display 101 . 

In operation, when a user holds their thumb over area 102 for several seconds, the 
card heats up to body temperature and the indicator 103 becomes visible* The heat is 
transferred to the display 101 via conductors 104. When the user removes the finger and 
places the card back into a wallet or holder, the temperature will drop and the indicator 103 
30 will vanish. 

The e-ink will not display at normal room temperature, thus causing the display to 
become invisible. Additionally, even in colder environments, the e-ink will not display. 
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Only at a small range of temperatures approximately equal to 98 degrees, body 
temperature, will the display become visible. 

Although the embodiment shown and described has the area 102 separated from the 
display 101, the area 102 may be coextensive with the display 101. More specifically, the 
5 user can place their thumb directly on the display, and the display may even be shaped in 
such a manner so that it will allow the thumb or other finger to completely cover it and 
transfer appropriate heat. In such a manner, the conductors 104 would be eliminated. 

In order to facilitate the temperature sensitive display, e-ink must be used. The e- 
ink. is available on the market from (FILL IN) and can be used to fill a cartridge below the 
10 display 101 so that the ink becomes visible only upon temperature being raised. Note that 
the temperature increase does not actually cause the e-ink to change states or alter the data 
in any way. Instead, the temperature sensitivity only relates to the viewability of the 
information stored on the card. 

In order to change the data stored on the card, a smart card terminal is required. 
15 Fig. 3 depicts a functional block diagram of the system with which the smart card 100 
interfaces. The arrangement of Fig. 3 shows the smart card 100 in combination a smart 
card reader 302 and a computer 304. The network 303 may be present between smart card 
reader 102 and computer 304, or alternatively, the smart card reader 302 may be collocated 
with computer 304. 

20 In operation, the smart card 100 is inserted into the smart card reader 302. The 

computer 304 is an applications computer such as a purchased transaction computer or 
other vendor computer. Alternatively, computer 304 may in fact credit the card with 
additional amounts in response to requests from the user and payment. In either event, 
when the smart card 100 is within the smart card reader 302, the computer 304 may 

25 increase or decrease the amount of available credit on the smart card. 

In accordance with the invention, the e-ink utilized on the smart card does not 
require energy to maintain its state. Only a change of state requires energy. Accordingly, 
a voltage is applied across the smart card at a position such that an indicator line is drawn 
at the appropriate position to indicate the correct value remaining on the card. Once the 

30 appropriate voltage is applied across the smart card to draw a line in the e-ink. at the 

appropriate position, the line will remain there and be selectively viewable upon heat being 
applied to the card. 
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In an alternative embodiment, area 102 may be replaced with a transparent or light 
sensitive area that provides power and display only when exposed to a significant light 
source. In such an alternative embodiment, rather than use e-ink, the display can be made 
from a source that requires power to display. While the smart card would still be capable 
5 of being updated in a terminal only, the display and viewing of the data would be enabled 
by means of a light source, rather than be means of heat In this alternative embodiment, 
the light source, after a prescribed time, would have enough energy to cause the indicator 
103 to become viewable. Therefore, the indicator would not be viewable if it was only 
briefly exposed to the light, as when a wallet or purse is briefly opened. 

10 Figure 2 is an alternative embodiment of the invention wherein the display is shown 

in a slightly different form. Rather than an indicator line, a full numerical display may be 
utilized as well. The numerical display may also operate utilizing e-ink and other 
techniques described herein. 

While the above describes the preferred embodiment of the invention, various 

1 5 modifications or additions will be apparent to those of skill in the art Such additions are 
intended to be covered by the appended claims. 
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